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1
STEERING APPARATUS

TECHNICAL FIELD

The present invention relates to a steering apparatus which >
1s designed to supply electric power to an electric actuator
from both a primary power supply apparatus and a secondary
power supply apparatus to thereby generate a steering force.

BACKGROUND ART 10

Conventionally, for example, an electric power steering
apparatus includes an electric motor for imparting a steering
assist torque to a rotating operation of a steering wheel, and
generates a proper steering assist torque through control of
clectricity supply to the electric motor. The steering assist
torque 1s set such that the greater the steering torque mnput to
the steering wheel by a driver and the lower the vehicle speed,
the greater the steering assist torque. The electric power steer- 5
ing apparatus uses an onboard battery as a power source for
performing such steering assist control.

However, at the time of stationary swing or the like, sole
use of the onboard battery may fail to provide sufficient
clectric power. In view of such a problem, an apparatus pro- 25
posed in Japanese Patent Application Laid-Open (kokai) No.
2007-91122 includes a secondary power supply apparatus for
supplementing the onboard battery. The secondary power
supply apparatus 1s connected 1n parallel with a power supply
line extending from the onboard battery (hereinatter referred 30
to as the “primary power supply apparatus™) to a motor drive
circuit.

In this proposed electric power steering apparatus, electric
power for driving the motor 1s withdrawn from the primary
power supply apparatus. However, when sole use of the 35
power supply of the primary power supply apparatus fails to
provide suilicient electric power (e.g., at the time of station-
ary swing), electric power 1s withdrawn from the secondary
power supply apparatus so as to make up for the shorttall.
Further, when power consumption 1s small (e.g., at the time of 40
straight traveling), electric power from the primary power

supply apparatus 1s charged into the secondary power supply
apparatus.

15

DISCLOSURE OF THE INVENTION 45

However, 1n the case where the primary power supply
apparatus has deteriorated, even when the secondary power
supply apparatus supplements the supply of electric power,
clectric power may become short in some cases. In such a 50
case, the power supply voltages of the primary power supply
apparatus and the secondary power supply apparatus drop,
causing the following problem.

The electric power steering apparatus includes an elec-
tronic control apparatus which 1s mainly formed of a micro- 55
computer and 1s adapted to drive and control the electric
motor. This electronic control apparatus receives electric
power from the primary power supply apparatus. Therefore,
when the power supply voltage of the primary power supply
apparatus drops and falls below the lowest operation voltage 60
of the microcomputer, the microcomputer is reset. When the
microcomputer 1s reset, steering assist control 1s suddenly
stopped. Further, even when the power supply voltage 1s
recovered, the steering assist control cannot be re-started
immediately because of performance of initial diagnosis, etc. 65

The present invention has been accomplished so as to solve
the above-described problem, and its object 1s to prevent

2

resetting of the microcomputer of the electronic control appa-
ratus even when the primary power supply apparatus has
deteriorated.

In order to achieve the above-described object, the present
invention provides a steering apparatus comprising a primary
power supply apparatus; a secondary power supply apparatus
charged by the primary power supply apparatus; an electric
actuator which generates a steering force for steering wheels;
a drive circuit which receives electric power from a drive
system power supply circuit formed by connecting the pri-
mary power supply apparatus and the secondary power sup-
ply apparatus 1n parallel and which drives the electric actua-
tor; and an electronic control apparatus which receives
clectric power from a control system power supply circuit
connected to the primary power supply apparatus and which
outputs a control signal to the drive circuit so as to control
operation of the electric actuator. The steering apparatus 1s
characterized by comprising a secondary control system
power supply circuit which 1s connected to the secondary
power supply apparatus and the electronic control apparatus
and supplies electric power from the secondary power supply
apparatus to the electronic control apparatus.

In the present embodiment, electric power 1s supplied to
the drive circuit of the electric actuator from the drive system
power supply circuit formed by connecting the primary
power supply apparatus and the secondary power supply
apparatus in parallel. That 1s, electric power can be supplied to
the drive circuit of the electric actuator from both the primary
power supply apparatus and the secondary power supply
apparatus. The electronic control apparatus outputs a control
signal to the drive circuit so as to control the operation of the
clectric actuator, and generates a steering force for steering
the wheels through the operation of the electric actuator. For
example, the electronic control apparatus includes steering
operation detection means for detecting a driver’s steering
operation, and outputs the drive signal to the drive circuit 1n
accordance with the detected steering operation. In this case,
the steering force may be generated by means of imparting an
axial force to a rod for steering the wheels or imparting a
steering force to a steering shait connected to the steering
wheel.

The control system power supply circuit, which receives
clectric power from the primary power supply apparatus, and
the secondary control system power supply circuit, which
receives electric power from the secondary power supply
apparatus, are connected to the electronic control apparatus.
Theretfore, even when the power supply capacity of the pri-
mary power supply apparatus has dropped and the primary
power supply voltage has dropped, the electronic control
apparatus can recerve electric power from the secondary
power supply apparatus. As a result, the present invention can
suppress occurrence of a trouble; specifically, resetting of a
microcomputer, which resetting would otherwise occur when
the power supply voltage supplied to the electronic control
apparatus falls below the lowest operation voltage of the
clectronic control apparatus (the lowest value of a range of
power supply voltage 1n which proper operation 1s guaran-
teed).

Notably, an on-board power supply which supplies electric
power not only to the steering apparatus of a vehicle but also
to other electrical loads may be used as the primary power
supply apparatus.

Another feature of the present invention 1s provision of
power-supply-capacity-drop detection means for detecting a
drop 1n the power supply capacity of the primary power
supply apparatus and a drop 1n the power supply capacity of
the secondary power supply apparatus; and power supply
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control means, operable when both a drop 1n the power supply
capacity ol the primary power supply apparatus and a drop 1n
the power supply capacity of the secondary power supply
apparatus are detected, for giving priority to the supply of
clectric power from the secondary power supply apparatus to
the electronic control apparatus over the supply of electric
power from the secondary power supply apparatus to the
drive circuit.

In the case where the supply of electric power from the
secondary power supply apparatus to the drive circuit is con-
tinued 1n a state where the power supply capacity of the
primary power supply apparatus has dropped, 1f the power
supply capacity of the secondary power supply apparatus
drops, the secondary power supply apparatus also may
become unable to properly supply electric power to the elec-
tronic control apparatus. In order to overcome such a draw-
back, 1n the present invention, when the power-supply-capac-
ity-drop detection means detects both a drop 1n the power
supply capacity of the primary power supply apparatus and a
drop 1n the power supply capacity of the secondary power
supply apparatus, the power supply control means gives pri-
ority to the supply of electric power from the secondary power
supply apparatus to the electronic control apparatus over the
supply of electric power from the secondary power supply
apparatus to the drive circuit. As a result, proper supply of
electric power from the secondary power supply apparatus to
the electronic control apparatus can be maintained, whereby
a fault of the electronic control apparatus (resetting of the
microcomputer) can be prevented.

Another feature of the present mvention resides in that,
when both a drop 1n the power supply capacity of the primary
power supply apparatus and a drop 1n the power supply capac-
ity of the secondary power supply apparatus are detected, the
power supply control means prohibits the supply of electric
power from the secondary power supply apparatus to the
drive circuit, to thereby give priority to the supply of electric
power from the secondary power supply apparatus to the
clectronic control apparatus.

In this mvention, when both a drop in the power supply
capacity of the primary power supply apparatus and a drop 1n
the power supply capacity of the secondary power supply
apparatus are detected, the supply of electric power from the
secondary power supply apparatus to the drive circuit 1s pro-
hibited. Accordingly, electric power stored 1n the secondary
power supply apparatus 1s not consumed for driving of the
clectric actuator, so that the supply of electric power to the
clectronic control apparatus can be performed reliably.

Another feature of the present invention resides in that the
power supply control means prohibits the supply of electric
power from the secondary power supply apparatus to the
drive circuit by cutting off a power supply circuit for supply-
ing electric power from the secondary power supply appara-
tus to the drive circuit.

This invention can reliably prohibit the supply of electric
power from the secondary power supply apparatus to the
drive circuat.

Another feature of the present invention resides 1n that the
power-supply-capacity-drop detection means includes pri-
mary-power-supply-voltage detection means for detecting
the power supply voltage of the primary power supply appa-
ratus and secondary-power-supply-voltage detection means
for detecting the power supply voltage of the secondary
power supply apparatus, wherein the power-supply-capacity-
drop detection means estimates that both the power supply
capacities of the primary power supply apparatus and the
secondary power supply apparatus have dropped, when the
power supply voltage of the primary power supply apparatus
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becomes equal to or lower than a primary power supply
determination voltage and the power supply voltage of the
secondary power supply apparatus becomes equal to or lower
than a secondary power supply determination voltage.

In this mvention, since the power supply capacities are
estimated on the basis of the power supply voltages of the
primary power supply apparatus and the secondary power
supply apparatus, drops in the power supply capacities can be
detected simply. Further, since the fault of the electronic
control apparatus (resetting of the microcomputer) occurs
due to a drop in the supplied power supply voltage, the fault of
the electronic control apparatus can be prevented reliably
through direct detection of the voltage.

Another feature of the present invention 1s provision of a
step-up circuit which steps up an output voltage of the pri-
mary power supply apparatus, wherein the drive circuit 1s
connected to the output side of the step-up circuit, and the
secondary power supply apparatus 1s connected in parallel to
a line between the step-up circuit and the drive circuat.

In this invention, the output voltage of the primary power
supply apparatus 1s supplied to the drive circuit after being
stepped up by the step-up circuit. The secondary power sup-
ply apparatus 1s connected to the output side of the step-up
circuit, and functions as a power supply apparatus into which
clectric power from the primary power supply apparatus 1s
charged and which supplies the charged electric power to the
drive circuit. Accordingly, efficient drive ol the electric actua-
tor 1s possible. That 1s, the output voltages of the primary
power supply apparatus and the secondary power supply
apparatus can be set to a proper voltage for etficiently oper-
ating the electric actuator.

Another feature of the present imnvention resides in that a
step-down circuit which steps down the power supply voltage
of the secondary power supply apparatus 1s provided 1n the
secondary control system power supply circuit which sup-
plies electric power from the secondary power supply appa-
ratus to the electronic control apparatus.

In this mvention, because of the step-up operation of the
step-up circuit, the power supply voltage of the secondary
power supply apparatus 1s higher than that of the primary
power supply apparatus. Accordingly, the power supply volt-
age of the secondary power supply apparatus 1s supplied to
the electronic control apparatus after being stepped down by
the step-down circuit, whereby proper electric power supply
can be performed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of an electric power steering,
apparatus according to an embodiment of the present mven-
tion.

FIG. 2 1s a flowchart showing a steering assist control
routine.

FIG. 3 1s a graph representing an assist torque table.

FIG. 4 1s a flowchart showing a power supply control
routine.

FIG. 5 1s a graph showing change 1n upper limit current set
in accordance with secondary power supply voltage.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

One embodiment of a steering apparatus of the mvention
will now be described with reference to the drawings. FI1G. 1
schematically shows the configuration of an electric power
steering apparatus for a vehicle according to the embodiment.
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The electric power steering apparatus for a vehicle accord-
ing to the embodiment 1s mainly composed of a steering
mechamism 10 which steers steerable wheels 1n accordance
with steering operation of a steering wheel 11; an electric
motor 20 incorporated in the steering mechanism 10 and
adapted to generate steering assist torque; a motor drive cir-
cuit 30 for driving the electric motor 20; a step-up circuit 40
which steps up an output voltage of a primary power supply
apparatus 100 and supply a stepped-up voltage to the motor
drive circuit 30; a secondary power supply apparatus 50 con-
nected 1n parallel with a power supply circuit extending,
between the step-up circuit 40 and the motor drive circuit 30;
and an electronic control apparatus 60 which controls opera-
tion of the electric motor 20 and the power supply state within
the electric power steering apparatus.

The steering mechamism 10, which steers left and right
front wheels FWL and FWR 1n response to a rotation opera-
tion of the steering wheel 11, includes a steering shaft 12
whose upper end 1s connected to the steering wheel 11 for
integral rotation therewith. A pinion gear 13 1s connected to
the lower end of the shaft 12 for integral rotation therewaith.
The pinion gear 13 1s 1n meshing engagement with rack teeth
formed on a rack bar 14, and constitutes a rack and pinion
mechanism 1n cooperation with the rack bar 14. Knuckles
(not shown) of the left and right front wheels FWL and FWR
are steerably connected to opposite ends of the rack bar 14 via
tierods 15L and 15R. The left and right front wheels FWL and
FWR are steered leftward or rnnghtward 1n accordance with an
axial displacement of the rack bar 14 resulting from rotation
of the steering shaft 12 about 1ts axis.

The electric motor 20 for steering assist 1s assembled to the
rack bar 14. A rotary shaft of the electric motor 20 1s con-
nected to the rack bar 14 via a ball-screw mechanism 16 1n a
power transmissible manner. As a result of rotation of the
rotary shait ol the electric motor 20, a steering force 1s applied
to the left and right front wheels FWL and FWR so as to assist
the steering operation. The ball-screw mechanism 16 serves
as a speed reducer and a rotation-rectilinear motion converter.
The ball-screw mechanism 16 reduces the rotational speed of
the electric motor 20, converts rotation of the electric motor
20 to a rectilinear motion, and transmaits the rectilinear motion
to the rack bar 14.

A steering torque sensor 21 1s provided on the steering
shaft 12. The steering torque sensor 21 outputs a signal cor-
responding to a steering torque which acts on the steering
shaft 12 as a result of the steering wheel 11 being rotated.
Hereinaiter, the value of steering torque detected on the basis
of the signal output from the steering torque sensor 21 will be
referred to as “steering torque Tx.” The direction 1n which the
steering wheel 11 1s rotated 1s determined on the basis of the
polarity of the steering torque Tx; 1.¢., whether the steering,
torque TX 1s positive or negative.

A rotational angle sensor 22 1s provided for the electric
motor 20. This rotational angle sensor 22 1s incorporated into
the electric motor 20, and outputs a detection signal corre-
sponding to the rotational angle position of the rotor of the
clectric motor 20. The detection signal output from the rota-
tional angle sensor 22 1s used for calculation of rotational
angle and rotational angular velocity of the electric motor 20.
Meanwhile, since the rotational angle of the electric motor 20
1s 1n proportion to the steering angle of the steering wheel 11,
the rotational angle of the electric motor 20 1s also used as the
steering angle of the steering wheel 11. Further, since a rota-
tional angular velocity, which 1s obtained by differentiating,
the rotational angle of the electric motor 20 with respect to
time, 1s 1n proportion to the steering angular velocity of the
steering wheel 11, the rotational angular velocity of the elec-
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6

tric motor 20 1s also used as the steering speed of the steering
wheel 11. Hereinbelow, a value of steering angle of the steer-
ing wheel 11 detected on the basis of the output signal from
the rotational angle sensor 22 will be referred to as “steering
angle 0x,” and a value of steering angular velocity obtained by
differentiating the steering angle 0x with respect to time will
be referred to as “steering speed wx. Positive and negative
values of the steering angle 0x represent clockwise and coun-
terclockwise steering angles, respectively, of the steering
wheel 11 1n relation to 1ts neutral position.

The motor drive circuit 30 1s a three-phase inverter circuit
formed by six switching elements (MOSFETs) 31 to 36.
Specifically, a circuit including serially connected first and
second switching elements 31 and 32, a circuit including
serially connected third and fourth switching elements 33 and
34, and a circuit including serially connected fifth and sixth
switching elements 35 and 36 are connected in parallel.
Power supply lines 37 for supplying electric power to the
clectric motor 20 are connected to nodes between the upper
and lower switching elements (31 and 32, 33 and 34, and 35
and 36) of the respective serial circuits.

r

The drains of the first switching element 31, the third
switching element 33, and the fifth switching element 35 are
connected to a motor drive line 113 to be described later; and
the sources of the second switching element 32, the fourth
switching element 34, and the sixth switching element 36 are
connected to a ground line 111. A current sensor 38 1s pro-
vided on a power supply line 37 extending from the motor
drive circuit 30 to the electric motor 20. This current sensor 38
detects (measures) phase currents, and outputs to the elec-
tronic control apparatus 60 a detection signal corresponding
to the detected currents. Hereinafter, the detected currents
will be referred to as the “motor current tuvw”. Further this
current sensor 38 will be referred to as the “motor current
sensor 38”.

The gates of the switching elements 31 to 36 are connected
to an assist control section 61 (which will be described later)
of the electronic control apparatus 60, and the duty ratios of
the switching elements 31 to 36 are controlled 1n accordance
with PWM control signals from the assist control section 61.
Thus, voltages for driving the electric motor 20 are adjusted to
a target voltage. Notably, as indicated by circuit symbols 1n
FIG. 1, MOSFETs which constitute the switching elements
31 to 36 have parasitic diodes.

Next, a power supply system of the electric power steering
apparatus will be described.

The electric power steering apparatus receives electric
power Irom the primary power supply apparatus 100. The
primary power supply apparatus 100 1s composed of a main
battery 101 and an alternator 102 connected 1n parallel with
cach other. The alternator 102 1s rotated by an engine,
whereby the alternator 102 generates electricity. An ordinary
car battery whose rated output voltage 1s 12 V 1s used as the
main battery 101.

This primary power supply apparatus 100 supplies electric
power not only to the electric power steering apparatus but
also to other electrical loads mounted on the vehicle. A power
supply source line 103 connected to the power supply termi-
nal (+terminal) of the main battery 101 branches nto a pri-
mary-control-system power supply line 104 and a drive-sys-
tem power supply line 105. The primary-control-system
power supply line 104 functions as a power supply line for
supplying electric power to only the electronic control appa-
ratus 60. The drive-system power supply line 105 functions as
a power supply line for supplying electric power to both the
motor drive circuit 30 and the electronic control apparatus 60.
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An 1gnition switch 106 1s provided 1n the primary-control-
system power supply line 104. A primary power supply relay
107 1s provided 1n the drive-system power supply line 105.
The primary power supply relay 107 operates as follows. In
response to an ON signal from a power supply control section
62 (which will be described later) of the electronic control
apparatus 60, the primary power supply relay 107 closes 1ts
contact so as to allow the supply of electric power from the
primary power supply apparatus 100 to the electric motor 20.
In response to an OFF signal from the power supply control
section 62, the primary power supply relay 107 opens its
contact so as to prohibit the supply of electric power from the
primary power supply apparatus 100 to the electric motor 20.
The primary-control-system power supply line 104 1s con-
nected to a power supply+terminal of the electronic control
apparatus 60, and includes a diode 108 provided on the load
side (the electronic control apparatus 60 side) of the 1gnition
switch 106. This diode 108 1s provided in such an orientation
that 1ts cathode 1s connected to the electronic control appara-
tus 60 and 1ts anode 1s connected to the primary power supply
apparatus 100 via the 1gnition switch 106. The diode 108
serves as a reverse tlow prevention element which allows a
flow of electricity only 1n the power supply direction.

A connection line 109 branches oif from the drive-system
power supply line 105 at a point on the load side of the
primary power supply relay 107, and 1s connected to the
primary-control-system power supply line 104. This connec-
tion line 109 1s connected to the primary-control-system
power supply line 104 at a point between the diode 108 and
the electronic control apparatus 60. Further, a diode 110 1s
provided 1n the connection line 109. This diode 110 1s pro-
vided 1n such an orientation that its cathode 1s connected to
the primary-control-system power supply line 104 and its
anode 1s connected to the drive-system power supply line 105.
Accordingly, although electric power can be supplied from
the drive-system power supply line 105 to the primary-con-
trol-system power supply line 104 via the connection line
109, electric power cannot be supplied from the primary-
control-system power supply line 104 to the drive-system
power supply line 105. The drive-system power supply line
105 and the ground line 111 are connected to the step-up
circuit 40. Further, the ground line 111 1s connected to the
ground terminal of the electronic control apparatus 60 via a
control system ground line 118. Accordingly, the primary-
control-system power supply line 104 and the control system
ground line 118 form a power supply circuit for supplying
clectric power to the electronic control apparatus 60 (corre-
sponding to the control system power supply circuit).

A first voltage sensor 71 1s connected to the primary-
control-system power supply line 104 so as to detect the
power supply voltage of the primary power supply apparatus
100. Thas first voltage sensor 71 1s connected to the power
supply control section 62 of the electronic control apparatus
60, and outputs to the power supply control section 62 a signal
representing a voltage v1, which 1s a measured value. Here-
inafter, this voltage vl will be referred to as the “primary
power supply voltage v1.”

The step-up circuit 40 1s composed of a capacitor 41 pro-
vided between the drive-system power supply line 105 and
the ground line 111; a step-up co1l 42 provided in series 1n the
drive-system power supply line 105 to be located on the load
side with respect to the connection point of the capacitor 41;
a lirst step-up switching element 43 provided between the
ground line 111 and a node on the drive-system power supply
line 105 located on the load side with respect to the step-up
coil 42; a second step-up switching element 44 provided 1n
series 1n a portion of the drive-system power supply line 105
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located on the load side with respect to the connection point of
the first step-up switching element 43; and a capacitor 45
provided between the ground line 111 and a node on the
drive-system power supply line 105 located on the load side
with respect to the second step-up switching element 44. A
step-up power supply line 112 1s connected to the secondary
side of the step-up circuit 40.

In the present embodiment, MOSFETSs are used for the
step-up switching elements 43 and 44. However, other
switching elements may be used. Further, as indicated by
circuit symbols 1 FIG. 1, MOSFETs which constitute the
step-up switching elements 43 and 44 have parasitic diodes.

The power supply control section 62 of the electronic con-
trol apparatus 60 controls the step-up operation of the step-up
circuit 40. The power supply control section 62 outputs pulses
having a predetermined period to the gates of the first and
second step-up switching elements 43 and 44 to thereby turn
the step-up switching elements 43 and 44 on and oif. Thus, the
step-up circuit 40 steps up the voltage supplied from the
primary power supply apparatus 100, and generates a prede-
termined output voltage to the step-up power supply line 112.
In this case, the first and second step-up switching elements
43 and 44 are controlled 1n such a manner that when the first
clement 1s on the second element 1s off and when the first
clement 1s off the second element 1s on. The step-up circuit 40
operates as follows. First, the first step-up switching element
43 1s turned on and the second step-up switching element 44
1s turned off so as to cause current to tflow through the step-up
coil 42 for a short period of time, to thereby accumulate
clectric power 1n the step-up coil 42. Immediately after that,
the first step-up switching element 43 1s turned off and the
second step-up switching element 44 1s turned on, whereby
the electric power accumulated in the step-up coil 42 1s out-
put.
The output voltage of the second step-up switching ele-
ment 44 1s smoothed by the capacitor 45. Accordingly, a
stable stepped-up voltage i1s output from the step-up power
supply line 112. In this case, a plurality of capacitors which
differ in frequency characteristic may be connected in parallel
so as to improve the smoothing performance. Further, the
capacitor 41 provided on the 1input side of the step-up circuit
40 removes noise transmitted to the primary power supply
apparatus 100.

The output voltage (stepped-up voltage) of the step-up
circuit 40 can be adjusted through control of the duty ratios of
the first and second step-up switching elements 43 and 44.
The greater the on-duty ratio of the second step-up switching
clement 44, the higher the stepped-up voltage. The step-up
circuit 40 of the present embodiment 1s configured to enable
the stepped-up voltage to be adjusted within a range of, for
example, 20 V to 50 V. Notably, a general purpose DC-DC
converter may be used as the step-up circuit 40.

A second voltage sensor 72 1s connected to the step-up
power supply line 112 located on the output side of the step-
up circuit 40. This second voltage sensor 72 1s connected to
the power supply control section 62 of the electronic control
apparatus 60, and outputs to the power supply control section
62 a signal representing a voltage v2, which 1s a measured
value. Usually, this second voltage sensor 72 detects the
stepped-up voltage output from the step-up circuit 40. How-
ever, when the step-up operation of the step-up circuit 40 1s
stopped or the primary power supply relay 107 1s turned off,
the second voltage sensor 72 detects the power supply voltage
of the secondary power supply apparatus 50. Hereinaftter, the
voltage v2 detected by the second voltage sensor 72 will be
referred to as the “stepped-up voltage v2” or the “secondary
power supply voltage v2,” depending on the detection state.
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The step-up power supply line 112 branches into a motor
drive line 113 and a charge/discharge line 114. The motor
drive line 113 and the ground line 111 are connected to a
power supply input section of the motor drive circuit 30. The
charge/discharge line 114 1s connected to a power supply+
terminal of the secondary power supply apparatus 50.

The secondary power supply apparatus 50 1s a high-voltage
storage apparatus mto which electric power output from the
step-up circuit 40 1s charged and which supplies electric
power to the motor drive circuit 30 so as to assist the primary
power supply apparatus 100 when the motor drive circuit 30
requires a large amount of electric power. The secondary
power supply apparatus 50 1s configured by serially connect-
ing a plurality of electricity storage cells such that the sec-
ondary power supply apparatus 30 can maintain a voltage
corresponding to the output voltage of the step-up circuit 40.
The ground terminal of the secondary power supply apparatus
50 1s connected to the ground line 111 via a secondary ground
line 119.

Accordingly, the primary power supply apparatus 100 and
the secondary power supply apparatus 50 are connected in
parallel, whereby a motor-drive-system power supply circuit
for supplying electric power to the motor drive circuit 30 1s
formed.

A secondary power supply relay 31 is serially connected to
the charge/discharge line 114. The secondary power supply
relay 51 operates as follows. Inresponse to an ON signal from
the electronic control apparatus 60, the secondary power sup-
ply relay 51 closes its contact so as to form a charge/discharge
circuit for the secondary power supply apparatus 30. In
response to an OFF signal from the electronic control appa-
ratus 60, the secondary power supply relay 51 opens its con-
tact so as to cut off the charge/discharge circuit for the sec-
ondary power supply apparatus 50.

A secondary-control-system power supply line 81
branches off from the charge/discharge line 114 at a point
between the secondary power supply relay 51 and the sec-
ondary power supply apparatus 50. This secondary-control-
system power supply line 81 1s connected to another power
supply+terminal of the electronic control apparatus 60. The
clectronic control apparatus 60 has two power supply+termi-
nals, and can recetve electric power from either of the two
power supply+terminals. One of the power supply+terminals
1s connected to the primary-control-system power supply line
104, and the other power supply+terminal 1s connected to the
secondary-control-system power supply line 81.

A step-down circuit 80 1s provided 1n the secondary-con-
trol-system power supply line 81. The step-down circuit 80 1s
composed of a step-down switching element 82 and a
smoothing capacitor 83. For example, a MOSFET 1s used for
the step-down switching element 82. The power supply con-
trol section 62 of the electronic control apparatus 60 outputs
a pulse signal having a predetermined period to the gate of the
step-down switching element 82 to thereby turn the step-
down switching element 82 on and off, whereby the power
supply voltage of the secondary power supply apparatus 50 1s
stepped down. The smoothing capacitor 83 1s provided
between the secondary side (the stepped-down side) of the
step-down switching element 82 and the ground line 111, and
smoothes the voltage on the secondary side of the step-down
switching element 82. Thus, a proper voltage obtained
through the step-down operation 1s supplied from the step-
down circuit 80 to the electronic control apparatus 60.

Accordingly, the secondary-control-system power supply
line 81, which includes the step-down circuit 80, and the
control system ground line 118 form another power supply
circuit for supplying electric power to the electronic control
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apparatus 60 (corresponding to the secondary control system
power supply circuit of the present invention).

A third voltage sensor 73 1s connected to the secondary-
control-system power supply line 81 located on the output
side of the step-down circuit 80. This third voltage sensor 73
1s connected to the power supply control section 62 of the
clectronic control apparatus 60, and outputs to the power
supply control section 62 a signal representing a voltage v3,
which 1s a measured value. Hereinatter, the voltage v3 mea-
sured by the third voltage sensor 73 will be referred to as the
“secondary control voltage v3.”

The electronic control apparatus 60 1s mainly formed of a
microcomputer including a CPU, ROM, RAM, etc., and 1s
functionally divided into an assist control section 61 and the
power supply control section 62. The assist control section 61
and the power supply control section 62 are designed 1n such
a manner that they can exchange control instructions, control
data, etc. therebetween. The steering torque sensor 21, the
rotational angle sensor 22, the motor current sensor 38, and
the vehicle speed sensor 23 are connected to the assist control
section 61, so that the assist control section 61 can receive
sensor signals representing the steering torque Tx, the steer-
ing angle 0x, the motor current 1uvw, and the vehicle speed
VX, respectively. On the basis of these sensor signals, the
assist control section 61 outputs a PWM control signal to the
motor drive circuit 30 so as to drive and control the electric
motor 20, to thereby assist the driver’s steering operation.

The first voltage sensor 71, the second voltage sensor 72,
the third voltage sensor 73, the step-up circuit 40, the primary
power supply relay 107, the secondary power supply relay 51,
and the step-down switching element 82 are connected to the
power supply control section 62. On the basis of the stepped-
up voltage v2 detected by the second voltage sensor 72, the
power supply control section 62 outputs a PWM control
signal to the step-up circuit 40 such that a target stepped-up
voltage can be obtained. The step-up circuit 40 controls the
duty ratios of the first and second step-up switching elements
43 and 44 1n accordance with the input PWM control signal.
Thus, the stepped-up voltage, which 1s the output voltage of
the step-up circuit 40, 1s controlled to the target stepped-up
voltage.

Further, the power supply control section 62 controls the
power supply state within the electric power steering appara-
tus on the basis of the electric power supply capacities of the
primary power supply apparatus 100 and the secondary
power supply apparatus 50. This power supply state control
will be described later.

Next, steering assist control processing performed by the
assist control section 61 of the electronic control apparatus 60
will be described. FIG. 2 shows a steering assist control
routine which 1s stored 1n the ROM of the electronic control
apparatus 60 as a control program and executed by the assist
control section 61. The steering assist control routine 1s
started when the 1gnition switch 106 1s turned on, and 1s
repeatedly executed at predetermined short intervals.

When the present control routine 1s started, in step S11, the
assist control section 61 first reads the vehicle speed Vx
detected by the vehicle speed sensor 23 and the steering
torque Tx detected by the steering torque sensor 21.

Subsequently, 1 step S12, with reference to an assist
torque table shown 1n FIG. 3, the assist control section 61
calculates a base assist torque Tas set 1n accordance with the
input vehicle speed Vx and steering torque Tx. The assist
torque table 1s stored 1n the ROM of the electronic control
apparatus 60, and 1s set such that the base assist torque Tas
increases as the steering torque Tx increases, and the lower
the vehicle speed VX, the greater the value of the base assist
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torque Tas. The assist torque table of FIG. 3 shows only
changes 1n the base assist torque Tas with the steering torque
Tx 1n the clockwise direction. However, changes in the base
assist torque Tas with the steering torque TxX 1n the counter-
clockwise direction are 1dentical with those shown 1n FIG. 3.
Although the directions (polarities) of the steering torque Tx
and the base assist torque Tas are opposite, the absolute values
of the base assist torque Tas and the steering torque Tx are the
same.

Subsequently, i step S13, the assist control section 61
calculates a target instruction torque T* by adding a compen-
sation torque to the base assist torque Tas. This compensation
torque 1s calculated as the sum of a return force with which the
steering shaft 12 1s returned to its base position and which
increases 1n proportion to the steering angle 0x and a return
torque which corresponds to a resisting force against rotation
of the steering shaft 12 and which increases in proportion to
the steering speed wx. The assist control section 61 performs
this calculation while using the rotational angle of the electric
motor 20 detected by the rotational angle sensor 22 (corre-
sponding to the steering angular 0x of the steering wheel 11).
Further, the steering speed wx 1s obtained by differentiating
the steering angular 0x of the steering wheel 11 with respect
to time.

Next, in step S14, the assist control section 61 calculates a
target current 1as™ which 1s proportional to the target instruc-
tion torque T*. The target current 1as™ 1s obtained by dividing,
the target 1nstruction torque T* by a torque constant. How-
ever, 11 an upper limait 1s set for the target current by means of
power supply control processing to be described later, the
target current 1as* 1s modified as follows. That 1s, when the
target current 1as® calculated from the target instruction
torque T* 1s greater than an upper limit current 1aslim, the
target current 1as™ 1s changed to the upper limit current 1aslim.
Meanwhile, when the target current 1as™ calculated from the
target instruction torque T* 1s not greater than the upper limit
current 1aslim, the target current 1as* 1s not changed.

Subsequently, 1 step S15, the assist control section 61
reads the detection signal output from the motor current sen-
sor 38 and representing the motor current uvw flowing
through the electric motor 20. Subsequently, in step S16, the
assist control section 61 calculates a deviation A1 between the
motor current 1uvw and the previously calculated target cur-
rent 1as*, and calculate a target instruction voltage v* for PI
control (proportional integral control) performed on the basis
ol the deviation Ai.

In step S17, the assist control section 61 outputs to the
motor drive circuit 30 a PWM control voltage signal corre-
sponding to the target instruction voltage v*, and ends the
current execution of the present control routine. The present
control routine 1s repeatedly executed at predetermined short
intervals. Accordingly, through execution of the present con-
trol routine, the duty ratios of the switching elements 31 to 36
of the motor drive circuit 30 are controlled, whereby a desired
assist torque corresponding to a steering operation of a driver
1s attained.

During execution of the steering assist control, in particu-
lar, when the steering wheel 1s operated during low-speed
traveling or the steering wheel 1s operated at high speed, a
large amount of electric power 1s needed. However, increas-
ing the capacity of the primary power supply apparatus 100
for temporary large power consumption 1s not preferred. In
view of this, 1n the electric power steering apparatus of the
present embodiment, the capacity of the primary power sup-
ply apparatus 100 1s not increased, and the secondary power
supply apparatus 50 1s provided in order to supplement the
supply of electric power when a large amount of electric
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power 1s consumed temporarily. Further, the step-up circuit
40 1s provided so as to efficiently drive the electric motor 20,
and constitute a system for supplying the stepped-up voltage
to the motor drive circuit 30 and the secondary power supply
apparatus 50.

When such a power supply system 1s configured, the sec-
ondary power supply apparatus 50 can supplement the power
supply of the primary power supply apparatus 100. However,
when the power supply capacity of the primary power supply
apparatus 100 drops, the capacity of the entire power supply
system drops. As a result, every time the motor drive circuit
30 consumes a large amount of electric power, the power
supply voltage of the primary power supply apparatus 100
drops. Since the main portion of the electronic control appa-
ratus 60 1s composed of a microcomputer, 1f the supplied
power supply voltage falls below the lowest operation volt-
age, the microcomputer 1s reset.

In view of such a problem, in the present embodiment,
there 1s provided a power supply circuit (the secondary-con-
trol-system power supply line 81 and the step-down circuit
80) for supplying electric power from the secondary power
supply apparatus 30 to the electronic control apparatus 60 so
as to prevent resetting of the microcomputer, which resetting
would otherwise occur when the capacity of the primary
power supply apparatus 100 has dropped. The secondary
power supply apparatus 50 1s provided from the beginning as
a power source for motor drive. Accordingly, 11 the secondary
power supply apparatus 50 1s continuously used in a state
where the capacity of the primary power supply apparatus
100 has dropped, the amount of electricity stored 1n the sec-
ondary power supply apparatus 50 decreases, and finally not
only the supply of electric power to the motor drive circuit 30
but also the supply of electric power to the electronic control
apparatus 60 may become difficult. In order to overcome such
a drawback, 1n such a case, priority 1s given to the supply of
clectric power from the secondary power supply apparatus 50
to the electronic control apparatus 60, and the supply of
clectric power to the motor drive circuit 30 1s prohibited.

Such power supply control will now be described 1n detail.
FIG. 4 shows a power supply control routine executed by the
power supply control section 62. This power supply control
routine 1s stored 1n the ROM of the electronic control appa-
ratus 60 1n the form of a control program. The power supply
control routine 1s started when the 1gmition switch 106 1s
turned on, and 1s repeated at predetermined short intervals.

When the present power supply control routine 1s started,
in step S21, the power supply control section 62 reads the
primary power supply voltage v1 detected by the first voltage
sensor 71. A correlation exists between the power supply
capacity of the primary power supply apparatus 100 and the
primary power supply voltage v1; that 1s, when the power
supply capacity of the primary power supply apparatus 100
drops, the primary power supply voltage vl also drops
accordingly. In view of this correlation, in the present
embodiment, the power supply capacity of the primary power
supply apparatus 100 1s estimated on the basis of the primary
power supply voltage vl1.

Subsequently, in step S22, the power supply control section
62 determines whether or not the primary power supply volt-
age vl 1s equal to or lower than a primary power supply
determination voltage vlref. When the primary power supply
voltage v1 1s higher than the primary power supply determi-
nation voltage vlrel (S22: NO), the power supply control
section 62 determines that the power supply capacity of the
primary power supply apparatus 100 has not yet dropped, and
performs the processing of step S23. In step S23, the power
supply control section 62 sets a power supply environment
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suitable for ordinary steering assist control. That 1s, the power
supply control section 62 turns on both the primary power
supply relay 107 and the secondary power supply relay 51 so
as to create a state 1n which electric power can be supplied to
the motor drive circuit 30 from both the primary power supply
apparatus 100 and the secondary power supply apparatus 50.
Simultaneously, the power supply control section 62 outputs
a PWM control signal to the step-up circuit 40 so as to step up
the output voltage of the primary power supply apparatus 100
to a target stepped-up voltage. Further, the power supply
control section 62 maintains the step-down switching ele-
ment 82 1n an off state, so that electric power 1s not supplied
from the secondary power supply apparatus 50 to the elec-
tronic control apparatus 60.

The present control routine 1s repeated at predetermined
intervals. Accordingly, during a period 1n which the primary
power supply voltage v1 1s higher than the primary power
supply determination voltage vlrel, electric power 1s sup-
plied from the primary power supply apparatus 100 to the
motor drive circuit 30 with its voltage stepped-up by the
step-up circuit 40. When the motor drive circuit 30 consumes
a large amount of electric power, the output voltage of the
step-up circuit 40 drops temporarily, and electric power 1s
supplied from the secondary power supply apparatus 50 to the
motor drive circuit 30 in order to make up for the shortage.
Further, 1n a state where the motor drive circuit 30 consumes
a small amount of electric power, a charge current flows from
the step-up circuit 40 to the secondary power supply appara-
tus 50, whereby the secondary power supply apparatus 50 1s
charged.

In such power supply state, steering assist control can be
performed properly, and assist torque 1s unlikely to become
insuificient.

When the power supply capacity of the primary power
supply apparatus 100 drops, the primary power supply volt-
age v1 drops accordingly. When the drop in the power supply
capacity of the primary power supply apparatus 100 increases
and the primary power supply voltage vl becomes equal to or
lower than the primary power supply determination voltage
vlret, the power supply control section 62 makes a “Yes”
determination in step S22, and proceeds to step S24. Notably,
the primary power supply determination voltage vlretf 1s set
to a voltage higher than the lowest operation voltage at which
operation of the electronic control apparatus 60 1s guaranteed.

In step S24, the power supply control section 62 stops the
1ssuance ol the ON signal to the primary power supply relay
107 to thereby open the contact of the primary power supply
relay 107. That 1s, the power supply control section 62 turns
the primary power supply relay 107 off. Accordingly, the
circuit for supplying electric power from the primary power
supply apparatus 100 to the motor drive circuit 30 is cut off.
Simultaneously, the power supply control section 62 stops the
PWM control signal fed to the step-up circuit 40 so as to turn
the step-up switching elements 43 and 44 off, to thereby stop
the step-up operation. Further, the power supply control sec-
tion 62 outputs a pulse signal to the step-down switching
clement 82 so as to operate the step-down circuit 80, to
thereby supply electric power from the secondary power sup-
ply apparatus 50 to the electronic control apparatus 60. In this
case, the power supply control section 62 adjusts the duty
ratio of the step-down switching element 82 such that the
secondary control voltage v3 detected by the third voltage
sensor 73 becomes equal to a previously set voltage (proper
power supply voltage to be supplied to the electronic control
apparatus 60).

Subsequently, in step S25, the power supply control section
62 reads the secondary power supply voltage v2 detected by
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the second voltage sensor 71. A correlation exists between the
power supply capacity of the secondary power supply appa-
ratus 50 and the secondary power supply voltage v2; that 1s,
when the power supply capacity of the secondary power
supply apparatus 50 drops, the secondary power supply volt-
age v2 also drops accordingly. In view of this correlation, 1n
the present embodiment, the power supply capacity of the
secondary power supply apparatus 30 1s estimated on the
basis of the secondary power supply voltage v2.

Subsequently, 1 step S26, the power supply control section
62 determines whether or not the secondary power supply
voltage v2 1s equal to or lower than a secondary power supply
determination voltage v2ref. When the secondary power sup-
ply voltage v2 1s higher than the secondary power supply
determination voltage v2retf (526: NO), the power supply
control section 62 determines that the power supply capacity
of the secondary power supply apparatus 50 has not yet
dropped, and performs the processing of step S27. In step
S27, the power supply control section 62 sets a power supply
environment for performing steering assist control with cur-
rent limit (hereinafter referred to as the “current-limited steer-
ing assist control”). That 1s, the power supply control section
62 maintains the secondary power supply relay 31 1n an on
state so as to supply electric power to the motor drive circuit
30 from only the secondary power supply apparatus 50, and
sets an upper limit representing the maximum current which
can be supplied to the electric motor 20, 1n order to suppress
a sharp drop 1n the power supply voltage of the secondary
power supply apparatus 50.

When performing the processing of step S27, the power
supply control section 62 sets an upper limit current 1aslim
corresponding to the secondary power supply voltage v2 as
shown 1n FIG. 35, and outputs to the assist control section 61 a
current limiting instruction for limiting the motor current to
the upper limit current 1aslim. When the assist control section
61 calculates the target current 1as™ 1n step S14 of the above-
described steering assist control routine, the assist control
section 61 calculates the target current 1as® such that the
current flowing through the electric motor 20 becomes equal
to or less than the upper limit current 1aslim.

Accordingly, it 1s possible to continue steering assist while
suppressing the power consumption. Further, 1t 1s possible to
suppress a sharp drop 1n the power supply voltage of the
secondary power supply apparatus 50. Notably, in the present
embodiment, a function or a reference table which determines
the upper limit current 1aslim such that the value of the upper
limit current 1aslim decreases with the secondary power sup-
ply voltage v2 1s stored in the ROM, and the value of the upper
limit current 1aslim 1s obtained by use of the function or the
reference table. However, the present embodiment may be
configured such that the upper limit current 1aslim is not
changed, and 1s stored as a fixed value.

When the secondary power supply voltage v2 of the sec-
ondary power supply apparatus 50 becomes equal to or lower
than the secondary power supply determination voltage v2ref
during a period in which the current-limited steering assist
control 1s being performed (526: YES), the power supply
control section 62 determines that the power supply capacity
of the secondary power supply apparatus 50 has dropped, and
proceeds to step S28. In step S28, the power supply control
section 62 stops the 1ssuance of the ON signal to the second-
ary power supply relay 51 to thereby open the contact of the
secondary power supply relay 51. That is, the power supply
control section 62 turns the secondary power supply relay 51
ofl. Accordingly, the circuit for supplying electric power from
the secondary power supply apparatus 50 to the motor drive
circuit 30 1s cut off. In this case, since the step-down circuit 80
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1s operated, the supply of electric power from the secondary
power supply apparatus 50 to the electronic control apparatus
60 1s continued.

In the case where the power supply capacities (power sup-
ply voltages) of both the primary power supply apparatus 100
and the secondary power supply apparatus 50 have dropped.,
if the steering assist control 1s continued further, both the
primary power supply voltage and the secondary power sup-
ply voltage may fall below the lowest operation voltage of the
clectronic control apparatus 60. In order to avoid such a
possibility, the present embodiment 1s configured as follows.
In such a situation, the circuit for supplying electric power
from the secondary power supply apparatus 50 to the motor
drive circuit 30 1s cut off, and the electric power stored 1n the
secondary power supply apparatus 50 1s used for only the
clectronic control apparatus 60. That 1s, priority 1s given to the
supply of electric power to the electronic control apparatus 60
over the supply of electric power to the motor drive circuit 30.
Accordingly, the supply of electric power to the electronic
control apparatus 60 1s secured, whereby resetting of the
microcomputer, which would otherwise occur due to adrop in
the power supply voltage, can be prevented.

Since the present power supply control routine 1s repeated
at predetermined short intervals, the power supply state
within the electric power steering apparatus 1s switched in
accordance with the power supply capacities (power supply
voltages) of the primary power supply apparatus 100 and the
secondary power supply apparatus 50 every time the power
supply control routine 1s executed. Accordingly, for example,
when the primary power supply voltage returns to the normal
voltage 1n a state where both the power supply voltages of the
primary power supply apparatus 100 and the secondary
power supply apparatus 50 have dropped, ordinary steering,
assist control can be started. In this case, since resetting of the
microcomputer of the electronic control apparatus 60 1s pre-
vented, the electronic control apparatus 60 can move to the
ordinary steering assist control immediately without per-
forming 1nitial diagnosis processing, etc. After having
returned to the ordinary steering assist control, the electronic
control apparatus 60 can cause a charging current to flow from
the step-up circuit 40 to the secondary power supply appara-
tus 50 when the power consumption of the motor drive circuit
30 1s small, whereby the amount of electricity stored 1n the
secondary power supply apparatus 50 can be increased.

According to the above-described electric power steering
apparatus ol the present embodiment, even when the primary
power supply voltage of the primary power supply apparatus
100 drops, electric power can be supplied from the secondary
power supply apparatus 50 to the electronic control apparatus
60. In addition, when the secondary power supply voltage has
dropped, the supply of electric power from the secondary
power supply apparatus 50 to the motor drive circuit 30 1s
stopped, and electric power 1s preferentially supplied to the
clectronic control apparatus 60. Therefore, more stable power
supply can be maintained. As a result, a fault of the electronic
control apparatus 60 (resetting of the microcomputer) can be
prevented.

Further, since the respective power supply capacities are
estimated on the basis of the power supply voltages of the
primary power supply apparatus 100 and the secondary
power supply apparatus 50, drops 1n the power supply capaci-
ties can be simply detected. In addition, since the fault of the
clectronic control apparatus 60 (resetting of the microcom-
puter) results from a drop 1n the supplied power supply volt-
age, occurrence of such a fault can be prevented reliably
through detection of the voltage.
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Further, since the primary power supply apparatus 100 and
the secondary power supply apparatus 50 are used as power
supply apparatuses for the electric power steering apparatus
so as to fully draw out the steering assist performance, an
increase 1n the capacity of the primary power supply appara-
tus 100 can be suppressed. Moreover, the step-up circuit 40
enables effective drive of the electric motor 20. In addition,
since the power supply voltage of the secondary power supply
apparatus 50 1s supplied to the electronic control apparatus 60
alter being stepped down by use of the step-down switching
clement 82, proper power supply can be performed.

In the above, an electric power steering apparatus has been
described as an embodiment of the present invention. How-
ever, the present mvention 1s not limited to the above-de-
scribed embodiment, and may be modified in various man-
ners without departing from the scope of the present
invention.

For example, in the above-described embodiment, the sup-
ply of electric power from the secondary power supply appa-
ratus 50 to the motor drive circuit 30 1s stopped by means of
turning the secondary power supply relay 51 off. However,
the embodiment may be modified in such a manner that the
flow of motor drive current 1s stopped by altering the PWM
control signal fed to the motor drive circuit 30. In this case, the
switching elements 31, 33, and 35 which form the upper arms
of the three-phase inverter circuit and the switching elements
32, 34, and 36 which form the lower arms of the three-phase
inverter circuit are turned on and off at a duty ratio o1 50% and
at high speed 1n such a manner that the state of the switching
clement 1n each upper arm 1s the reverse of the state of the
switching element in the corresponding lower arm (one of the
switching elements 1s in an on state, and the other switching
clement 1s 1n an off state).

Further, the present invention can be applied to other types
of steering apparatuses which impart steering force to wheels,
for example, a by-wire-type steering apparatus in which the
steering wheel and steering shafts of wheels are mechanically
separated from each other, and the wheels are steered only by
a force produced by an electric motor which operates 1n
accordance with a steering operation.

The mvention claimed 1s:

1. A steering apparatus comprising:

a primary power supply apparatus;

a secondary power supply apparatus charged by the pri-
mary power supply apparatus;

an electric actuator which generates a steering force for
steering wheels;

a drive circuit which receives electric power from a drive
system power supply circuit formed by connecting the
primary power supply apparatus and the secondary
power supply apparatus 1n parallel and which drives the
electric actuator;

an electronic control apparatus which receives electric
power Irom a control system power supply circuit con-
nected to the primary power supply apparatus and which
outputs a control signal to the drive circuit so as to
control operation of the electric actuator;

a secondary control system power supply circuit which 1s
connected to the secondary power supply apparatus and
the electronic control apparatus and supplies electric
power from the secondary power supply apparatus to the
clectronic control apparatus;

power-supply-capacity-drop detection means for detecting
a drop 1n the power supply capacity of the primary power
supply apparatus and a drop in the power supply capac-
ity of the secondary power supply apparatus; and
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power supply control means, operable when both a drop 1n
the power supply capacity of the primary power supply
apparatus and a drop 1n the power supply capacity of the
secondary power supply apparatus are detected, for g1v-
ing priority to the supply of electric power from the
secondary power supply apparatus to the electronic con-
trol apparatus over the supply of electric power from the
secondary power supply apparatus to the drive circuit.

2. A steering apparatus according to claim 1, wherein,
when both a drop 1n the power supply capacity of the primary
power supply apparatus and a drop 1n the power supply capac-
ity of the secondary power supply apparatus are detected, the
power supply control means prohibits the supply of electric
power from the secondary power supply apparatus to the
drive circuit, to thereby give prionty to the supply of electric
power from the secondary power supply apparatus to the
clectronic control apparatus.

3. A steering apparatus according to claim 2, wherein the
power supply control means prohibits the supply of electric
power from the secondary power supply apparatus to the
drive circuit by cutting off a power supply circuit for supply-
ing electric power from the secondary power supply appara-
tus to the drive circuait.

4. A steering apparatus according to claim 1, wherein the
power-supply-capacity-drop detection means includes:

primary-power-supply-voltage detection means for detect-
ing a power supply voltage of the primary power supply
apparatus; and

secondary-power-supply-voltage detection means {for
detecting a power supply voltage of the secondary power
supply apparatus,

wherein the power-supply-capacity-drop detection means
estimates that both the power supply capacities of the
primary power supply apparatus and the secondary
power supply apparatus have dropped, when the power
supply voltage of the primary power supply apparatus
becomes equal to or lower than a primary power supply
determination voltage and the power supply voltage of
the secondary power supply apparatus becomes equal to
or lower than a secondary power supply determination
voltage.

5. A steering apparatus according to claim 1, further com-
prising a step-up circuit which steps up an output voltage of
the primary power supply apparatus, wherein the drive circuit
1s connected to the output side of the step-up circuit, and the
secondary power supply apparatus 1s connected in parallel to
a line between the step-up circuit and the drive circuit.

6. A steering apparatus according to claim 3, wherein a
step-down circuit which steps down the power supply voltage
of the secondary power supply apparatus 1s provided 1n the
secondary control system power supply circuit which sup-
plies electric power from the secondary power supply appa-
ratus to the electronic control apparatus.

7. A steering apparatus comprising:

a primary power supply apparatus;

a secondary power supply apparatus charged by the pri-

mary power supply apparatus;

an electric actuator which generates a steering force for
steering wheels;

a drive circuit which recerves electric power from a drive
system power supply circuit formed by connecting the
primary power supply apparatus and the secondary
power supply apparatus in parallel and which drives the
electric actuator;

an electronic control apparatus which receives electric
power from a control system power supply circuit con-
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nected to the primary power supply apparatus and which
outputs a control signal to the drive circuit so as to
control operation of the electric actuator;

a secondary control system power supply circuit which 1s
connected to the secondary power supply apparatus and
the electronic control apparatus and supplies electric
power from the secondary power supply apparatus to the
clectronic control apparatus;

a voltage detector configured to detect a drop 1n the power
supply capacity of the primary power supply apparatus
and a drop 1n the power supply capacity of the secondary
power supply apparatus; and

a power supply controller, operable when both a drop 1n the
power supply capacity of the primary power supply
apparatus and a drop 1n the power supply capacity of the
secondary power supply apparatus are detected, config-
ured to prioritize the supply of electric power from the
secondary power supply apparatus to the electronic con-
trol apparatus over the supply of electric power from the
secondary power supply apparatus to the drive circuit.

8. A steering apparatus according to claim 7, wherein,
when both a drop 1n the power supply capacity of the primary
power supply apparatus and a drop 1n the power supply capac-
ity of the secondary power supply apparatus are detected, the
power supply controller prohibits the supply of electric power
from the secondary power supply apparatus to the drive cir-
cuit, to thereby give priority to the supply of electric power
from the secondary power supply apparatus to the electronic
control apparatus.

9. A steering apparatus according to claim 8, wherein the
power supply controller prohibits the supply of electric power
from the secondary power supply apparatus to the drive cir-
cuit by cutting oif a power supply circuit for supplying elec-
tric power from the secondary power supply apparatus to the
drive circuit.

10. A steering apparatus according to claim 7, wherein the
voltage detector includes:

a primary-power-supply-voltage detector configured to
detect a power supply voltage of the primary power
supply apparatus; and

secondary-power-supply-voltage detector configured to
detect a power supply voltage of the secondary power
supply apparatus,

wherein the voltage detector estimates that both the power
supply capacities of the primary power supply apparatus
and the secondary power supply apparatus have
dropped, when the power supply voltage of the primary
power supply apparatus becomes equal to or lower than
a primary power supply determination voltage and the
power supply voltage of the secondary power supply
apparatus becomes equal to or lower than a secondary
power supply determination voltage.

11. A steering apparatus according to claim 7, further com-
prising a step-up circuit which steps up an output voltage of
the primary power supply apparatus, wherein the drive circuit
1s connected to the output side of the step-up circuit, and the
secondary power supply apparatus 1s connected 1n parallel to
a line between the step-up circuit and the drive circuit.

12. A steering apparatus according to claim 11, wherein a
step-down circuit which steps down the power supply voltage
of the secondary power supply apparatus 1s provided 1n the
secondary control system power supply circuit which sup-
plies electric power from the secondary power supply appa-
ratus to the electronic control apparatus.
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